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(54) Video game apparatus and memory medium used therefor 



(57) A video game apparatus includes an external 
ROM. This external ROM is previously memorized with 
player object data, basic shadow object data and light 
object data. A direction in which a shadow is thrown is 
determined according to the player object data and the 
light object data, to thereby determine a length of each 
leg of the player object. Based on the length of the leg 
and the height of the light, a length of the shadow is 
determined. Based on the height of each leg. a depth of 
the shadow is determined. A shape of a displaying 
shadow object is determined from a state of a ground 
object to which the shadow is thrown. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the invention 



[0001] This invention relates to video game apparatus 
and memory mediums. There is described herein a 
video game apparatus for processing shadows to be 
displayed by an improved method, and a memory 
medium used therefor. 

Description of the prior art 

[0002] In so-called "3D games" a player object is 
moved in a three-dimensional virtual space. In such a 
case, a shadow of the player object is displayed on a 
ground object (a floor, water surface, earth surface, etc) 
thus enhancing three-dimensional realistic effects 
[0003] The conventional methods of displaying player 
object shadows involve putting a circular shadow at a 
location directly under the player object. However, in this 
method the shadows are simply circular forms regard- 
r ^°l SCen6, resu,tin 9 in a deficiency in realism 
[0004] In view of such circumstances, another method 
has been adopted in that polygon data for the player 
object is calculated and then put to a ground object 
through planation. 

[0005] However, this method requires calculation of 
polygons in the same number as that of the player 
objects resulting in a problem of an excessive amount 
of calculation and hence a heavy burden on the game 
processor. Accordingly, where this method is realised by 
using an .mage processing apparatus with low process- 
ing speed, such as a home-use game machine, a limita- 
tion may be encountered in displaying an object shadow 
to, at most, one in number. 

Summary of the Invention 

[0006] Therefore, it is an object of embodiments of the 
present invention to provide a shadow displaying 
method which is capable of reducing the burden on a 
processor and thus of enhancing realistic effects 
[0007] It is another object of embodiments of the 
present invention to provide a video game apparatus 
wh.ch can display shadows in a variety of forms through 
easy calculations. 

[0008] A method for displaying a shadow with a video 
game apparatus according to the present invention 
includes the steps of (a) generating basic shadow 
object data; (b) deforming the basic shadow object data 
o create displaying shadow object data according to at 
east pos.tion data of a light and player object data- and 
(c) supplying an image signal to a display unit based on 
at least the player object data on a player object and the 
displaying shadow object data. 
[0009] A video game apparatus according to the 
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present invention, comprises: a basic object data gener- 
afcng means for generating basic shadow object data- a 
Player object image data generating means for generat- 
ing a player object data; a displaying shadow object 

5 k J*! 9 means for defo ™ng the basic shadow 
object data to create displaying shadow object data 
according to at least the player object data and position 
aata on a light for illuminating the player object- and an 
image processing means for supplying an image signal 

W l°n^ *** ° n at least ,he °^ct ita 

and the displaying shadow object data. 

[0010] Further, a memory medium according to the 
present invention is to be detachably attached to a video 
game apparatus for displaying a shadow of a player 
" object, and comprises: a first memory area for generat- 
ing basic shadow object data; a second memory area 
for generating player object data; a displaying shadow 
object creating program for deforming the basic shadow 
object data to create displaying shadow object data 
* according to ^ least the player object data and position 
data of a light for illuminating the player object; and an 
'mage processing program for supplying an image sig- 
nal to a display unit based on at least the player object 
image data and displaying shadow object data 

25 Trlli J? eXamp ' 6, 3 drCU,ar basic shadow is 
formed by two polygons and textures to be put thereto 
This basic shadow object is deformed depending for 
example, upon a light position, ground object state (a 
posrtion, .nclination, step, material (water, soil, etc )) or 
30 player object position or its ground contact portion 
™^, Created int0 a dis P lavin 9 shadow object. 

5n ♦ J h6 ° reati0n ° f 3 display shadow object, in 
concrete (firm form) or in essence, may involve deier- 
mining a direction in which a shadow is thrown, deter- 
35 mining a shadow length based on a light source height 
1^ ob j ect lea 'ength. determining a shadow 
depth based on a foot height, and determining a shape 
of a displaying shadow object depending on a state of a 

40 atedT ° bjeCt t0 WhiCh Shad ° W iS thmwn (associ - 
[001 13] When the player object has two legs, displaying 
shadow objects may be created for each leg 
[0014] in embodiments of the present invention 
because a displaying shadow object is created by' 
« deforming a basic shadow object, the burden on the 
processor may be reduced. Further, shadows may be 
represented by being varied in various forms instead of 
simple shapes of shadows. 

™ U!l 51 , A,S °' Wh9n thS p,ayer has *»° legs and 
so the hvo legs are displayed with respective shadows the - 
shadows may be varied matching to left and right lea 
movements, thus providing shadow representation w*h " 
greater realism. 

55 222: » I** 3b0Ve deSCribed ° bjects and 
55 objects, features, aspects and advantages of the 

present invention will become more apparent from the 

Rowing detailed description of the present invention 

when taken m conjunction with the accompanying draw- 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

Figure 1 is a schematic illustrative view showing a 
video game system according to one embodiment 
of the present invention; 

Figure 2 is a block diagram showing in detail a 
video game machine in Figure 1 ; 
Figure 3 is a block diagram showing in further detail 
a controller control circuit in Figure 2; 
Figure 4 is a block diagram showing in detail a con- 
troller and a cartridge in Figure 1 ; 
Figure 5 is an illustrative view showing a memory 
map of an external ROM in Figure 2; 
Figure 6 is an illustrative view showing a memory 
map of a RAM in Figure 2; 

Figure 7 is an illustrative view showing in detail an 
image data area included in the RAM of Figure 6; 
Figure 8 is an illustrative view showing polygons for 
a basic shadow object; 

Figure 9 is a flowchart showing an overall operation 
of the Figure 1 embodiment; 
Figure 10 is a flowchart showing in detail a ground 
object processing routine in the Figure 8 embodi- 
ment; 

Figure 1 1 is a flowchart showing in detail a player 
object processing routine in the Figure 8 embodi- 
ment; 

Figure 1 2 is a flowchart showing in detail a shadow 
object processing routine in the Figure 8 embodi- 
ment; 

Figure 1 3 is an illustrative view showing various ele- 
ments of a player object; 

Figure 14 is an illustrative view showing how a 
player object shadow varies depending upon a dif- 
ference in light source height position; 
Figure 15 is an illustrative view showing one exam- 
ple of an animation table; 

Figure 16 is an illustrative view showing in detail a 
relationship between the light source height and 
shadow length; 

Figure 17 is an illustrative view showing in detail dif- 
ferences in shadow length; 

Figure 18 is an illustrative view showing shadow 
depth to be varied depending upon leg height; 
Figure 1 9 is an illustrative view showing one exam- 
ple of a shape of a shadow projected onto a ground; 
Figure 20 is an illustrative view showing a shadow 
displayed in an actual game scene; and 
Figure 21 is an illustrative view showing a rendering 
process routine of the Figure 9 embodiment. 



DETAILED DESCRIPTION OF ONE PREFERRED 
EMBODIMENT 

[0018] Referring to Figure 1 , a video game system in 

5 this embodiment includes a video game machine 10, a 
ROM cartridge 20 as one example of a memory 
medium, a display unit 30 connected to the video game 
machine 10, and a controller 40. The controller 40 is dis- 
mountably mounted with a cartridge 50. 

10 [0019] The controller 40 is structured by a plurality of 
switches or buttons provided on the housing 41 in a 
form graspable by both or one hand. Specifically, the 
controller 40 includes handles 41 L, 41 C, 41 R down- 
wardly extending respectively from a left end, a right 

is end and a center of the housing 41 , providing an opera- 
tion area on a top surface of the housing 41 . In the oper- 
ation area, there are provided an analog-inputtable 
joystick (hereinafter referred to as "analog joystick") 45 
at a central lower portion thereof, a cross-shaped digital 

20 direction switch (hereinafter called "cross switch") 46 on 
the left side, and a plurality of button switches 47A, 47B, 
47D, 47E and 47F on the right side. 
[0020] The analog joystick 45 is used to input moving 
directions and/or moving speeds or moving amounts of 

25 the player object as determined by an amount and 
direction of joystick inclination. The cross switch 46 is 
used to designate a moving direction of the player 
object, in place of the joystick 45. The button switches 
47A and 47B are used to designate a motion of the 

30 player object. Button switches 47C - 47D are used to 
switch over a sight point for a three<limension image 
camera or to adjust the speed or the like of the player 
object. 

[0021] A start switch 47S is provided almost at a 

35 center of the operation area. This start switch 47S is 
operated when starting a game. A switch 47Z is pro- 
vided at a backside of the central handle 41 C. This 
switch 47Z is utilized, for example, as a trigger switch in 
a shoot game. This switch (may be hereinafter called "Z 

40 button") 47Z is operated when the player object is to be 
caused to pay attention to a non-player object. That is, 
this switch 47Z functions as a second operating means. 
Switches 47L and 47R are provided at upper left and 
right of a lateral surface of the housing 41 . 

45 [0022] Incidentally, the above-stated button switches 
47C - 47F can also be used to control the moving speed 
(e.g. acceleration or deceleration) of the player object in 
a shoot or action game, besides for the purpose of 
switching the camera visual point. However, these 

so switches 47A - 47F, 47S, 47Z, 47L and 47R can be arbi- 
trarily defined in their function depending upon a game 
program. 

[0023] Figure 2 is a block diagram of the video game 
system of the Figure 1 embodiment. The video game 
55 machine 10 incorporates therein a central processing 
unit (hereinafter referred to as "CPU") 1 1 and a coproc- 
essor (reality coprocessor: hereinafter referred to as 
"RCP") 12. The RCP 12 includes a bus control circuit 
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121 for controlling buses, a signal processor (realitv sio 
nal processor; hereinafter referred to as RSP ) 122 for 

lESES: ^"^n/shadi °g f 

treatment and so on. and a rendering processor frealitv 
display processor; hereinafter referred , 0 mdHE 
for rastenzmg polygon data into an image to be \£ 
Played and converting the same into a Xta form Si 
data) memorable on a frame memory <d0t 
[0024] The RCP 12 is connected with a cartridn* ™ 
nector 13 for un loadab.y loading . ROM^arWdge^O 
having an external ROM 21 incorporated th«Sna5«? 
drjve connector 197 fa detachably mouSn"' a dE 
drive 29. and a RAM 14. Also the RCP 19 
with DAC (Digita.Ana.og ££££ £ a£T£ 

to be processed by the CPU 11. Further the rpp , , 
connected with a controller contro, cSm* 
transfer operating data on one or a plurality £~ , ? 
lers 40 and/or data of the cartage £ * * ^ 
0025] The bus control circuit 121 included in the RCP 
12 performs parallel/serial conversion on a command 
supplied in a parallel signal from the 4°°™^ 

SsTio the?' " 9nal t0 ^ 

^ ' 6 bUS Contr ° l circui » 121 converts a 
serial s,gnal inputted from the controller conToTc^ J 

machine 10. The image DAC 16 is cSn^S S^l 
connector 196 provided at the rear facTof me JSJ 
game machine 10. The connector I9 5 7s corned S 
a speaker 3! of a disp, a y 30. while the oSS??Jl 
connoted w*h a dismay 30 such as a TV reS^ ? R T 

[0027] The controller control circuit 1 7 is connected 
w* a controller connector provided at the from faSS 
the vdeo game machine 10. The connector^ 1 dif 
connectably connected by a contro.lerTtnroulh a 
connecting jack. The connection of the controller ?0 to 
the connector 18 places the controller in ekSSl^Jf 
nect-on to the videogame machine 10. i^S^SZ 
transm.s.on/reception or transfer of <£ 

[0028] The controller control circuit 1 7 is used m t ra „ e 
m and recaVe data in serial between the R^^Tnd 
the connector 18. The controller control drcuft^J 
includes, as shown in Fiaure 3 a wlT , 
circuit 171, a transmit %t *Z™? COntro ' 
173 and a RAM 1 74 t* 9 £2£Z~£Z S 
m.ss,on and reception data. The data transfer^, 
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era* 171 mcludes a parallel/serial convertina circuit 
and a senalfcaral.el converting circurt in 
a date format during data transfer, and furtheVoeZ™ 
wrrte/read control on the RAM !74. The seria^S 

m ofJl' Para " el data ' sup P'y in 9 « to the !Z 
174 or the transmitting circuit 172. The parallel/^ 

data transferred from the RPP \o * 74 

174 based on a command from the RCP 12 s? a T^ 
25 transfer it to the RCP 12 to 

■ng circuit 441, a contro circuit 442 a cu^h , 
detecting circuit 443. a cou.5 clSit 44^ ^ 

« S?Th C e irCUit ^ 3 feSel ° irCUrt 447 ^a NORTte 

number of putees generated in response toanTnd? s 
direction. The counter 444Y counts a number of puIsS 
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generated responsive to an inclination amount when the 
joystick 45 is inclined in the Y-axis direction. Accord- 
ingly, the resultant X-axis and Y-axis vector determined 
by the count values of the counters 444X and 444Y 
serves to determine a moving direction and a coordi- 
nate position of the player object or hero character or a 
cursor. Incidentally, the counter 444X and the 444Y are 
reset, when a reset signal is supplied from the reset sig- 
nal generating circuit 447 upon turning on the power or 
a reset signal is supplied from the switch signal detect- 
ing circuit 443 by simultaneous depression of predeter- 
mined two switches. 

[0032] The switch signal detecting circuit 443 
responds to a switch-state output command supplied at 
an interval of a constant period (e.g. a 1/30 second 
interval as a TV frame period) from the control circuit 
442, to read a signal varying depending upon a depres- 
sion state of the cross switch 46 and the switches 47 A - 
47Z. The read signal is delivered to the control circuit 
442. The control circuit 442 responds to a read-out com- 
mand signal of operational state data from the controller 
control circuit 17 to supply in a predetermined data for- 
mat the operational state data on the switches 47A - 
47Z and count values of the counters 444X and 444Y to 
the transmitting circuit 445. The transmitting circuit 445 
converts the parallel signal outputted from the control 
circuit 442 into a serial signal, and transfer it to the con- 
troller control circuit 1 7 via a converting circuit 43 and a 
signal line 42. The control circuit 442 is connected with 
a joystick control circuit 446 via an address bus and a 
data bus as well as a port connector 46. The joyport 
control circuit 446 performs data input/output (or trans- 
mission/reception) control according to a command 
from the CPU 1 1 when the cartridge 50 is connected to 
the port connector 46. 

[0033] The cartridge 50 is structured by connecting 
the RAM 51 to the address bus and data bus and con- 
necting the RAM 51 with a battery 52. The RAM 51 is a 
RAM having a capacity (e.g. 256k bits), for example, of 
lower than a half of a maximum memory capacity 
accessible through the address bus. The RAM 51 is to 
store backup data in relation to a game, and saves 
backup data by the application of electric power from 
the battery 52 even if the cartridge 50 is withdrawn from 
the port connector 46. 

[0034] Figure 5 is a memory map showing a memory 
space of the external ROM 21 incorporated in the ROM 
cartridge 20 (Figure 1). The external ROM 21 includes a 
plurality of memory areas (hereinafter referred to merely 
as "area"), for example, such as a program area 22, a 
character code area 23, an image data area 24 and a 
sound memory area 25, as shown in Figure 5, thereby 
previously storing various program in a fixed manner. 
[0035] The program area 22 is stored with programs 
required to process for game images, and game data 
and the like in accordance with a game content. Specif- 
ically, the program area 22 includes a plurality of mem- 
ory areas to previously store operating programs for the 



CPU 1 1 in a fixed manner. A main program area 22a is 
stored with a main routine processing program, for 
example, 1or a game shown in Figure 8 stated later. A 
controller data program area 22b is stored with a pro- 

5 gram for processing operational data on the controller 
40. A write program area 22c is stored with a write pro- 
gram by which the CPU 1 1 causes the RCP 12 to per- 
form writing into a frame memory and Z buffer. For 
example, the write program area 22c is stored with a 

w program to write, into an image data area 203 (Figure 6, 
Figure 7) of the RAM 14, chrominance data as image 
data based on texture data for a plurality of movable 
objects or background objects to be displayed in one 
background scene. A move program area 22d is stored 

15 with a control program by which the CPU 1 1 causes the 
RCP 1 2 to vary the position of a moving body in a three- 
dimension space. A camera control program area 22e is 
stored with a camera control program that controls as to 
in which direction and/or position the movable objects 

20 including player object or the background objects are to 
be photographed in the three-dimension space. A 
player object program area 22f is stored with a program 
that controls, in displaying, an object operated by the 
player (player object). A ground object program area 

25 22g is stored with a program to control, in displaying, a 
ground object (a ground, water surface, floor, etc.) on or 
above which the player object may stand or exist. A 
shadow object program area 22h is stored with a pro- 
gram to display a shadow of the player object on a 

30 ground object according to the data of a light object for 
illuminating the player object. 

[0036] The character code area 23 is an area to store 
a plurality of kinds of character codes, e.g. a plurality of 
kinds of character dot data corresponding to the codes. 

35 The character code data memorized in the character 
code area 23 is utilized to display an instruction sen- 
tence to the player in the process of a game. 
[0037] An image data area 24 is stored with image 
data, such as coordinate data of a plurality of polygons 

40 for each of the background object and/or movable 
objects, and texture data, and also a display control pro- 
gram to display these objects stationary at a predeter- 
mined position or in a moving state. 
[0038] A sound memory area 25 is stored with sound 

45 data, such as phrases for outputting in sound the above 
message, effect sounds, game musics (BGM), etc., in a 
manner appropriate for a scene. 
[0039] Incidentally, the memory medium or external 
memory device may use various kinds of memory medi- 

so urns, such as CD-ROMs or magnetic discs, in place of 
or in addition to the ROM cartridge 20. In such a case, a 
disc drive 29 (Figure 2) is provided in order to read or 
write, if required, various data (including program data 
and data for image presentation) for a game from or 

55 onto an optical or magnetical disc memory medium 
such as a CD-ROM or magnetic disc. The disc drive 29 
reads data out of a magnetic disc or optical disc mag- 
netically or optically memorizing program data similarly 
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Jhe^tr' R ° M 21 ' tranSfer thS Same data t0 
[0040] Figure 6 is a memory map illustrative of a mem- 
ory space of the RAM 14. The RAM 14 includes a dis- 
P ay list area 201 When the player object or the non- s 
player object .s to be displayed, its object No. is regis- 
tered .n the display list area 201. The RAM 14 includes 
further a program area 202 and an image data area 
203. The image data area 203 includes a frame mem- 
ory area 203a to temporarily memorize 1 frame of w 
image data, and a Z buffer area 203b to memorize dot 
by dot. depth data of the frame memory area The 
•mage data area 203 further includes, as shown in Fig- 
ure 7. a player object image data area 203c. an anima- 
*on table area 203d. a ground object image data area » 
203e a basic shadow object image data area 203f and 
an other-object image data area 203g. The areas 203c 
- 203g each temporarily memorizes polygon data or tex- 
ture data. However, the animation table area 203d is 
memorized with an animation data table as shown in 20 
Figure 1 5 hereinafter referred to. 
[0041] The program data area 202 is to temporarily 
memorize a program. The program data given on each 
area of the ROM 21 (Figure 5) is temporarily memo 
nzed. as required, in the program data area 202. The 25 
CPU 1 1 and the RCP 12 (Figure 2) make access to the 
program area thereby putting the game forward. Simi- 
larly, the image data area 203 is to temporarily memo- 
rize, as required, the image data stored in the ROM 21 
which ,s directly accessible by the CPU 1 1 or the RCP so 
12 That is. the image data area 203 memorizes coordi- 
nate data and texture data for a plurality of polygons to 
constitute a stationary object and/or movable object 
stored, for game image display, in the external ROM 21 
o which 1 course or stages of data is transferred, prior as 
to image processing, from the external ROM 21 
[0042] A sound memory area 204 temporarily memo- 
nzes sound data of BQM or effect sound given on the 
sound memory area 25 of the ROM 21, as shown in Fig- 
ure 5. A controller data memory area 205 temporarily to 
memorizes operation status data indicative of an opera 
Hon status read out through the controller 40 
[0043] Also, a flag register area 206 sets a flag or 
memorizes variables or constants as required, during 
execution of a program by the CPU 11. The registers to as 
be set on this flag register area 206 includes a light 
number register (Ln) representative of the number of 
light sources (natural light, external light or point light) 
existing in one virtual tridimensional space (scene) 
a ground object number register (ob1) representative of' so 
the number of ground objects on which shadows are to 
be displayed, an other-object number register (ob2) rep- 

pof nUmbSr ° f ° ther ° bjscts ' a «£ 
t r • ? J T esentativ e of a leg length of the player 
object, a ength register (Fmax) representative of a ss 

Z /kTTo 69 n9th ° f the player obje <* a hei 9W agis- 
ter (hi. h2) representative of a foot height of the player 
obiect. an angle register (e) representative of an angle 



tl'S? v U 0 minated ,rom a P° int *Bh1 and a length regis- 
Spfayef r6preSen,ative 01 a ,en B* of * shadow to be 

[0044] The basic shadow object image data area 203f 
shown in Figure 7 is memorized, for example, with the 
polygon data or texture data of a basic shadow c£ect 
shown in Figure 8. That is. the basic shadow object s in 
a circular form represented by two sets of polygons 
wherein th.s embodiment has texture data that gives 

El^-J? d6Pth < frans P are "cy) degrees. The 
shadow is highest in depth and hence lowest in trans- 
parency at a central portion thereof. The respective por- 
tons has transparency stepwisely increased with 
decrease in depth as the center of the shadow is gone 
distant. In th.s embodiment, the basic shadow object is 
deformed .n each scene so that a shadow object can be 
created and displayed on a ground for the player objS 
in an realistic fashion. This satisfies at the same t me 
ttie requirements of relieving the burden of calculation 

" 9 versatilit y in displaying shadows. 
[0045] Figure 9 is a main flowchart for the video game 
system in this embodiment. When a power is turned on, 
the CPU 11 at a first step S1 sets the video game 
mach,ne 10 to a predetermined initial state in order to 
start operation. For example, the CPU 11 transfers a 
start program among the game programs stored in the 
program area 22 of the external ROM into the program 

,n X. ° i ° f th l RAM 1 4 ' and S6tS each PS'ameWto an 
jnrtial value and executes the steps of Figure 9 in the 

[0046] The operation of the main flowchart of Figure 8 
■s executed, for example, every 1 frame (1/60 second) or 
every two or three frames, wherein steps S1 - S13 i Z 
repeatedly executed before the course is cleared If the 
game becomes over without success of course clear a 

the step SI 3. If course clear is successfully done the 

ZSOT rStUms from *» ste P S13 to the step SI ' 
[0047] That is, al a step S1 a game course screen 
andTor course opting screen is displayed. However, 
when the game is started after turning on the power a 
first course screen is displayed. If the first course is 
cleared, a next course is set on. 
[0048] At a step S2 following the step Si . a controller 
process » performed. This process includes a detection 

Z?7 °L W A hiCh the j0yStick 4S " «» s^h 46 and 
fetches 47A - 472 « the controller has been operated 
The operation state detection data (controller data) is 
read ,n and the controller data, thus read is written into 
the controller data area 205 of the RAM 1 4 
[0049] At a step S3, the positional data of a light for 
^m,nat.ng the player object, e.g., « point light or exter- 
nal light (natural light), is processed. For example the 
number of light sources to illuminate the player object is 
written rntothe light number register Ln. and furtheMhe 
.mage data of a light object other than the natural light is 

RAM 21 ,nto the image data area 203 of the RAM 14. if 
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there is a light object that light object is registered in the 
display list area 201 of the RAM 14. 
[0050] At a step S4 a process for displaying a ground 
object is carried out. This step S4 is executed con- 
cretely by a subroutine shown in Figure 10. At a first i 
step S401 in Figure 1, the ground object number regis- 
ter obi is set at "1". At a next step S402 the ground 
object is registered in the display list area 201 (Figure 
6). At a step 403 the ground object number register ob1 
is incremented. Then it is determined at a next step 
S404 whether all the ground objects have been regis- 
tered in the display list area 201. If "NO" at the step 
S404, the process returns to the step S402 to repeat the 
steps S402 and S403 until the process for the ground 
object is ended. 

[0051 ] At a step S5 a process for displaying a player 
object is carried out. This process is concretely exe- 
cuted by a subroutine of Figure 1 1 . At a first step S501 
in Figure 11, the player object is moved in position 
based on an operating state of the player-operated joy- 
stick 45 and cross key 46 or a program transferred from 
the memory area 22f (Figure 6) of the external ROM 21 
and the polygon data for the player object transferred 
from the memory area 24, i.e. an operating state of the 
joystick 45 and cross key 46. At a next step S502 the 
player object is changed in movement in response to a 
button 47 operating state (controller data) on the con- 
troller 40. The polygon data after changing the move- 
ment is determined by calculation. At a step S503 the 
player object is registered in the display list area 201. 
[0052] At a step S6 a process for other objects is car- 
ried out. This step includes calculation of a position or 
shape of an other object based on a program partly 
transferred from the memory area 22h and the polygon 
data of the other object transferred from the memory 
area 24 (Figure 5). 

[0053] At a step S7 a process for displaying a shadow 
object is carried out. This step S7 is executed con- 
cretely by a subroutine shown in Figure 12. 
[0054] At a first step S701 in Figure 12, the CPU 11 
(Figure 2) sets "1" in the light number register Ln of the 
RAM 14. At next steps S702 and S703 the left and right 
feet are detected in position. Where the player object is 
the one as shown in Figure 13, the CPU 11 detects a 
coordinate (x1, y1, z1) of a left heel and a coordinate 
(x2, y2, z2) of a right heel respectively at steps S702 
and S703. 

[0055] At next steps S704 and S705 the CPU 1 1 
checks on floors (ground objects) respectively existing 
under the left and right feet based on the image data of 
the ground object image data area 203e in Figure 7. 
Specifically, checks are made on positions, inclination 
and materials (water, soil, etc.) of the ground objects. 
[0056] At steps S706 and S707 the left and right foot 
shadows are respectively determined in position. In 
these steps S706 and S707, the foot shadows are 
determined in position respectively by changing, only in 
(height) "y", the heel coordinate positions (x1, y1. z1) 
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and (x2, y2, z2) detected at the aforesaid steps S702 
and S703. 

[0057] Subsequently, at a step S708 the CPU 1 1 
detects a direction of the light designated at the afore- 
said step S701 . For example, the coordinate position of 
a point light is detected based on the image data stored 
in the other-object image data area 203g (Figure 7) of 
the RAM 14. 

[0058] At a step S709 a direction to which the shadow 
of the player object is to be extended is determined. The 
coordinate position of a center of the player object (Fig- 
ure 13) is read out of the player object image data area 
203c and then at a step S708 the point light is detected 
in coordinate position. Accordingly, the direction in 
which a shadow is to be extended is given as an oppo- 
site side to a line connecting between the coordinate 
positions of that center and the point light. Assuming, 
with reference to Figure 1 4, that the player object OBJ is 
being irradiated by light from a behind thereof, the 
shadow of the piayer object wiii exiend in a forward 
direction thereof on a line connecting between the 
player object and the light. That is, the direction of the 
shadow is determined such that the shadow extends in 
an opposite direction to the light on the line connecting 
between the light and the player object. 
[0059] At a next step S710 the point light having des- 
ignated at the step S701 is detected of its height. 
Because the coordinate position of the point light has 
been detected at the step S708, the step S710 is to 
detect only "y" (height) data at the coordinate position. 
The reason of detecting the point light height is that, as 
shown in Figure 14, the length of the player object 
shadow varies depending upon the height i.e., "high", 
"medium" or "low", of the point light. 
[0060] At next steps S71 1 and S712, determinations 
are respectively made on a left leg length (F1) and a 
right leg length (F2) respectively. For the player object 
shown in Figure 13, each leg length F is given by Equa- 
tion 1 . 

[Equation 1] 



[0061] 
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F = Fmax - h 
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55 



where Fmax is a maximum value (maximum length) in 
leg length and h is a height of the foot with respect to a 
ground. 

[0062] In the Figure 13 example, the maximum value 
Fmax in leg length is given by a height of the center of 
the player object with respect to a ground surface. 
[0063] Note that the maximum value Fmax of each 
foot length may be given by a distance between the 
ground surface and a leg root. 

[0064] The steps S71 1 and S71 2 may be effected by, 
besides determining a leg length by Equation 1, setting 
previously an animation table as shown in Figure 15 in 
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the animation table area 203d in Figure 7 and then 
reading out leg length data corresponding a player 
object to be displayed. In the Figure 15 example [he 
animations 1 to 12 represent changes in size orjosit on 
of the player object, wherein when the player object is 

2,27*? !? animati ° n 1 " the ri9ht le 9 '"fl» and 
the left leg length are both set at "20". 

E2? f™**?^ !! 1 3 and S714 ' a left le 9 sh adow 
length (X1) and a nght leg shadow length (X2) are 

determined according to Equation 2. based on the point 

light he.ght detected at the aforesaid step S710 as well 

as the leg length (F) determined at the steps S71 1 and 



14 



[Equation 2] 



[0066] 



X = b-(axe)- C (Fmax-F)x + d 



where X is a shadow length, b is 90 degrees . a is a con- 
stant, e is an illumination angle of the point light shown 
in Figure 16. c is a constant and d is a size of a basic 

•'"J* 'T den1a,, y- c °nstants a and c are 
both "1" m this embodiment. 

[0067] The illumination angle e of the point light is an 
angle grven by a Hne with respect to a ground surface 
connecting between the point light and the leg root (or 
Player object center) of the player object. The angle ?s 
90 degrees when the point light illuminates the player 
object from an abowe thereof. The angle e is varied as 
01 . 62. 63 by varymg the height position of the point light 
rom an .mmediately above the player object up to the 
leg root (or center) of the player object 
[0068] When the point light is at an immediately above 

ESE??^ L h ? hadow *> ^ ^ same as 
that of the basic shadow object as shown in Figure 17 
The shadow length gradually increases as X1 X2 X3 
with the gradual decrease in the angle as 61 92 63 " 
[0069] At steps S715 and S716. the left and right 
shadows are respectively determined of depth When 
he .eft leg is lifted for example as shown in Figure 13 

oth! ^ ° f *? ? 169 iS Pr ° jeCted "9 ht as ^Pared 
to the shadow of the right .eg as shown on the right In 

2SS H ih?!*h ^f**™ depth is ,i9htened " he " 

the height h e high, and the depth is darkened when the 
height h is low. In order to change the shadow depth 
the transparency data stored in the basic shadow objert 

S£T , f P reqU ' reS Chan9e of transparency. 
[0070] At steps S717 and S718. checks are made on 
states of floors (ground objects) on which the left and 
right leg shadows are respectively thrown. The ground 

»n!f m 9 ; f' ant ° r material ' onto w hich the left 
and right foot shadows are cast is detected of state 
based on the data of the ground object image data ares 

the left and right foot shadows are respectively deter- 



mined by taking the detected state of the ground object 
rtD account- Where a shadow is thrown onto a stem 
ground object as shown in Figure 19. the shape of tne 

« lo TJI T"? deP6ndin9 ° n the inc,ina f °" ang^e 
! i J? W ^ e " thB 9r0Und to which * shadow 

the steps S713. S714 is modified. Specifically, the toD 
P«, of the shadow object (polygon) fs to £ 
changed ,n accordance with the slant angle In thte 
io manner, a displaying shadow object to be final y Js 
Played ,s determined at the steps S719 and S720 and 
then registered in the display list area 201 (Figure 6) 
[0071] The steps S708 - S720 are repeatedly exe- 

rs ^ t tT' thePr ° CeSSO,theste P S721 isc^rnpleLfor 
aH the light souces. That is. if the number ofthe ligW 

STS* K^'" 9 ^ ,ight ' for shadows for 

US ayer ,° bjeCt ,s *"* « »™ 'n "umber, displaying 
shadow objects due to these lights are ere* ed "n 

- ™ 6 ^ ' i9ht — ^ P '^r obje« 
[0072] Rgure 20 shows an example of a concrete 
game screen wherein a shadow Si is being displayed 
by a light L1 while another shadow S2 is beE dS 
pteyed by a light (natural light) positioned benM me 

Si ^f/^^^^thedisplayscreea 
[0073] Returning to Figure 9. at a step S8 a camera 
process ,s performed. For example, a visual pS?£E 
dinate ,s calculated for each object so that a K «Sd 
of sight as viewed through a camera f inder assies an 

Sf* £ d ^ 9nated ,hrou9h the Joystick JTy tS 
player The position (visual point) or the sight line direc 
ton o a hypothetical camera is control** ^bSy by 
operating the joystick 45. =»«*my oy 

[0074] At a step S9 the RSP 1 22 executes a render,™ 
35 process. That is. the RCP 12 performs Sns^maZ 
(coordinate transformation and frame memory erSeT 
-ng shown ,n Figure 21) on the image data to dlspll 

SST?? Z st !S onary objects under the «tt 

sn I y' 3Sed ° n the te * ure date ** the movable 
* objects, such as the enemy objects. p.ayer objects 
Playing shadow objects as we., as the station^ 
objects, such as the backgrounds stored in the imaae 

aZT f 3 ° f thS RAM 14 " Specifica »* s Te 
«■ aTy oblerts y9 ° nS ** ** ° f ** m ° Vab ' e and 5ta «- 

nfZ 51 ^ L St6P S1 ° 106 CPU 1 1 P erf °™s a sound 
process based on sound data, such as a mess^ae 
music and effect sound message, 

so SL At l St6P S1 1 the CPU 1 1 reads out the image 
so data having been memorized by the step S7 rendering 
process ,n the frame memory area of the RA^4 d"' 
to the. a player object, shadow object, non-player object 
such as a movable or stationary object. arJnydfiS 

0077] At a step S12 the sound data having been 
sound processed at the step 818 by the RCP 12? S »S 
out, thereby outputting sound such as music efSS 
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sound, speech, etc. 

[0078] At a step S13 it is determined whether the 
course has been cleared or not (course clear detection). 
If the course has not been cleared, then it is determined 
at a step S1 4 whether it is game over or not. If not game 
over, the process returns to the step S2 to repeat the 
steps S1 - S14 until a game over condition is detected. 
If it is detected of under a game over condition that the 
number of mistakes permitted for the player is reached 
by a predetermined number of times or the life of the 
player object is consumed by a predetermined amount, 
then at succeeding step S14 is effected a game over 
process, such as of a selection to continue a game or 
memorize back up data. 

[0079] incidentally, if a course clear condition (e.g. 
defeating a boss, or the like) is detected at the step S13. 
the course clear process is effected and then a process 
returns to the steps S1 . 

[0080] Although the present invention has been 
described and illustrated in details, it is clearly under- 
stood that the same is by way of illustration and example 
only and is not to be taken by way of limitation, the spirit 
and scope of the present invention being limited only by 
the terms of the appended claims. 
[0081] It is to be understood that the scope of the 
present invention is not to be unduly limited by the par- 
ticular choice of terminology and that a specific term 
may be replaced by any equivalent or generic term. For 
example, the term "photograph" may be replaced by 
"image" or "image facility" and should not be interpreted 
in an unduly limiting manner. The term "concrete" may 
be replaced by "solid" or "real" or the like. 
[0082] Further it is to be understood that individual 
features, method, software or functions related to the 
video game apparatus, memory medium or parts 
thereof, or combinations of same, might be individually 
patentably inventive. In particular, any disclosure in this 
specification of a range lor a variable or parameter shall 
be taken to include a disclosure or any selectable or 
derivable sub-range within that range and shall be taken 
to include a disclosure of any value for the variable or 
parameter lying within or at an end of a range. The sin- 
gular may include the plural or vice versa. 
[0083] Therefore, further according to the present 
invention there is provided a video game apparatus 
arranged to display a shadow of an object taking into 
account the position of a tight course (imaginary) and 
position of the object. 

[0084] Further according to the present invention 
there is provided video game apparatus capable of dis- 
playing shadows of objects having legs, in some way 
related to the particular object, each leg length being 
preferably calculated according to the formula 
F = Fmax-h and/or according to the formula 
X = b-(a X 0) - c (Fmax - F) x + d . 
[0085] It is possible that the apparatus provided may 
be other than for a video game. 
[0086] An important aspect of embodiments of the 



present invention is the production of realistic shadows 
directly related to qualities of the particular object. 

Claims 

5 

1. A method for displaying a shadow with a video 
game apparatus, including the steps of: 

(a) generating basic shadow object data; 
w (b) deforming the basic shadow object data to 

create displaying shadow object data accord- 
ing to at least position data of a light and player 
object data; and 

(c) supplying an image signal to a display unit 
15 based on at least the player object data on a 

player object and the displaying shadow object 
data. 

2. A method for displaying a shadow according to 
claim 1 , wherein the step (b) is to create the dis- 
playing shadow object data according to ground 
object data for a ground to which the player object 
data shadow is thrown and the light position data. 

3. A method for displaying a shadow according to 
claim 2, wherein the step (b) is to create the dis- 
playing shadow object data based on a state of the 
ground object. 

30 4. A method for displaying a shadow according to 
claim 3, wherein the step (b) is to (b1) determine a 
length of the shadow based on the position data on 
the light and the player object, and to (b2) deform 
the basic shadow object data based on the length 

35 of the shadow and the state of the ground object. 



A method for displaying a shadow according to 
claim 4, wherein the player object includes a ground 
contact portion contactable with the ground object, 
and the step (b1) being to determine the length 
based on positions of the ground contact portion 
and the light. 
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6. A method for displaying a shadow according to any 
of claims 1 to 5, wherein the basic shadow object 
data includes depth data for the shadow, and the 
step (b) being to (b3) detect a height of the ground 
contact portion with respect to the ground object 
existing immediately thereunder, and to (b4) 
change the depth data depending upon the height. 

7. A method for displaying a shadow according to 
claim 6, wherein the step (b4) is to change in trans- 
parency of the basic shadow object. 

8. A method for displaying a shadow according to any 
of claims 1 to 7, wherein the player object has at 
least two legs, and the steps (b) being to create, for 
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the two legs, first displaying shadow object data 
and second displaying shadow object data. 

A video game apparatus, comprising: 

a basic object data generating means for gen- 
erating basic shadow object data; 
a player object image data generating means 
for generating a player object data; 
a displaying shadow object data creating 
means for deforming the 'basic shadow object 
data to create displaying shadow object data 
according to at least the player object data and 
position data on a light for illuminating the 
player object; and 

an image processing means for supplying an 
image signal to a display unit based on at least 
the player object data and the displaying 
shadow object data. 



10. A video game apparatus according to claim 9, fur- 
ther comprising a ground object data generating 
means for generating ground object data for a 
ground object to which the displaying the shadow 
object is thrown, wherein the displaying shadow 
object data creating means creates the displaying 
shadow object data based on the ground object 
data. 

1 1. A video game apparatus according to claim 10 fur- 
ther comprising a state detecting means for detect- 
ing a state of the ground object based on the 
ground object data, wherein the displaying shadow 
object data creating means creates the displaying 
shadow object data based on the state of the 
ground object. 
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displaying shadow object data generating means 
including a depth changing means for changing the 
depth data depending upon the height. 

15. A video game apparatus according to claim 14 
wherein the depth changing means includes a 
transparency changing means for changing in 
transparency of the basic shadow object. 

1 6. A video game apparatus according to any of claims 
9 to 15, wherein the player object has at least two 
legs, the displaying shadow object data creating 
means including, for the two legs, a first data creat- 
ing means for creating first displaying shadow 
object data and a second data creating means for 
creating second displaying shadow object data. 

17. A memory medium to be detachably attached to a 
video game apparatus for displaying a shadow of a 
player object comprising: 

a first memory area for generating basic 
shadow object data; 

a second memory area for generating player 
object data; 

a displaying shadow object creating program 
for deforming the basic shadow object data to 
create displaying shadow object data accord- 
ing to at least the player object data and posi- 
tion data of a light for illuminating the player 
object; and 

an image processing program for supplying an 
image signal to a display unit based on at least 
the player object image data and displaying 
shadow object data. 



1 2. A video game apparatus according to claim 11 
wherein the displaying shadow object data creating 
means includes a length determining means for 
determining a length of a shadow based on the light 
position data and the player object data, to deform 
the basic shadow object data based on the length 
of the shadow and the state of the ground object. 

3. A video game apparatus according to claim 12 
wherein the player object includes a ground contact 
portion contactable with the ground object, and the 
length determining means determining the length 
based on positions of the ground contact portion 
and the light. 



L A video game apparatus according to any of claims 
9 to 13, further comprising a height detecting 
means for detecting a height of the ground contact 
portion with respect to the ground object existing 
immediately thereunder, wherein the basic shadow 
object includes depth data for the shadow, and the 
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